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SUMMARY 



This report is the ninth, on a Beries of systematic 
tests in which various lateral control devices are com- 
pared, with particular reference to their effectiveness 
at high angles of attack. The present tests were made 
with ordinary flap-type ailerons on two wings with dif- 
ferent amounts of taper, one medium and the other e-rtreme. 
On each wing "both medium-sized tapered ailerons and short 
wide tapered ailerons were tested and, in addition, on the 
wing with the extreme taper, medium and short wide aile- 
rons having a constant chord were tested. 

The tests, which were made in the N.A.C.A, 7 "by 10 
foot wind tunnel, showed the effect of the different plan 
forms on the general performance and lateral stability 
characteristics of the wings, as well as the effect of the 
different aileron shapes on the lateral controllability . 
It was found that the rolling control given by the aile- 
rons on the wing with medium taper was about the same he- 
low the stall as that for corresponding ailerons on rec- 
tangular wings, hut ahove the stall the rolling control 
was Bomewhat lower than on rectangular wings and well "be- 
low an assumed satisfactory value. At angles of attack 
below the stall the yawing moments caused "by the ailerons 
were somewhat lower on the wing with medium taper the^n, on 
a rectangular wing, but just above the stall the adverse 
yawing moments were greater. The ailerons on the wing 
with extreme taper gave better lateral control at angl.e? 
of attack below the stall in regard to rolling t yawing* 
and hinge moments than corresponding ailerons on rectangu- 
lar wings or on the wing .with medium taper, but just above 
the stall the rolling moments fell off almost completely 
and adverse yawing moments of great magnitude occurred. 
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INTRODUCTION 



A series of _ systematic wind-tunnel investigations, 
one of which is covered by this report, is being made by 
the National Advisory Committee for Aeronautics in order 
to compare various lateral control devices. The various 
devices are given the same routine tests to show their 
relative merits in regard to lateral controllability and 
their eff e~qt_ on the lat eral stability and on airplane per- 
formance. "They are being tested first on rectangular 
Clark T wings of aspect ratio 6, and then on wings with 
different plan forms and also wings with such variations 
as washout and sweepback, which affect lateral stability. 

Part I of this series (reference 1) dealt with throe 
different sizes of ordinary ailerons on rectangular wings. 
One of ■ these ailerons was of medium si"ze taken from the 
average of a number of conventional airplanes, one was 
extremely short and wide, and the other was extremely long 
and narrow. All the ailerons were proportioned to give 
approximately equal controllability at angles of attack 
below the stall with equal up-and-down deflection. The 
results were analy_z ed^to. : sliow' tlxe relative merits of the 
three alze's'of" ailerons when set in the above manner and 
also when set with two differential movements, and with 
upward movement only. The narrow-chord ail erons were 
found to be definitely inferior to the medium and wide 
ones in regard to rolling moments at, -the high angles of 
attack, " ' • 7 ' .. ... . 

Parts JI and JIJ preference l) deal with other forms 
of ailerons - and lateral control devices on rectangular 
wings. Part VIJI .covers, tests of medium and wide conven- 
tional ailerons, on wings with rounded tips, and the pres- 
ent reporl .deais^with . conventional ailerons on tapered 
wings., Sodel, wings 'with medium and extreme taper were 
used, the first having the center-chord length five-thirds 
that of the tip chord, and the. second having the center- 
chord length five times that of the tip chord. Since nar- 
row-chord ailerqn..s_had jgiven very low rolling moments at 
high angles of attack on a rectangular wing, the tapered 
wings were tested with medium chord and wide chord aile- 
rons only, , . 
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APPARATUS 



Wind tunnel .- The N.A.C.A, 7. by 10 foot wind tunnel, 
which is being used throughout the entire investigation, 
has an open jet and a single closed return passSgT. The 
tunnel, together with the regular balance and associated 
apparatus, is described in detail in reference 2, 

Models . - The tests were made with flap-type ailerons 
on two wings, one wing having a 5:3 taper and the other a 
5:1. Both wing models were constructed of laminated ma- 
hogany, with spans of 60 inches, aspect ratios of 6, and 
Clark Y airfoil sections along the entire span. The wings 
had equal taper of the leading and trailing edges, and the 
maximum ordinates of all sections were in a horizontal 
plane on the upper surface. On each wing both medium- 
sized tapered ailerons and short wide tapered aileronB 
were tested and, in addition, on the wing .with 5:1 taper, 
medium and short wide ailerons having a constant chord 
were tested. Inasmuch as previous tests (reference l) had 
shown that the moments caused by both right and left aile- 
rons could be found separately and added together to give 
the total effect of both with a satisfactory accuracy, the 
present tests were made with the right aileron only. Bach 
wing model was equipped with a removable tip portion as 
shown in Figures 1 and 2, and a different model of this 
portion of the wing was made for each of the ailerons. 

The tapered ailerons were, tapered with the wings, the 
chord of the medium- sized ones (A, figs. 1 and 2) at any 
longitudinal section being 25 per cent of the wing chord 
at the same section, and the chord of the short, wide ones 
(33, figs. 1 and 2) being 40 per cent of the wing chord at 
any section. The ailerons with constant chord (C and D, 
fig. 2) had the same chord dimension-, as the average chord 
of the tapered ailerons on the wing with- 5:1 taper. These 
constant chord ailerons on the tapered wing were of the 
nature of skewed ailerons on rectangular wings. The aile- 
ron spans were all selected to give approximately the same 
rolling control at angles of attack below the stall as the 
medium ailerons on a rectangular wing. (Part I, reference 
1.) 
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-TESTS 



The tests were conducted in accordance with the stand- 
ard procedure, and at the dynamic pressure and Reynolds 
Number employed throughout the entire series of investi- 
gations on lateral control. (Reference 1.) The dynamic 
pressure was 16.37 pounds per square foot, corresponding 
to an air speed of 80 miles per hour at standard density, 
and the Reynolds Number was 609,000, based on the average 
chord,, .. . __. ... • _.- - -- 

■ TABLE I 

SIMULTANEOUS AILERON DEFLECTIONS WITH ASSUMED 
DIFFERENTIAL MOVEMENTS 



Angles Measured about Aileron Axis 



Average differential (No. 1) 


Extreme differential (No. 2) 


Upward 


Downward 


Upward 


Downward 


9.1 splacement 


di spl acement 


di splacement 


di splacement 


Degrees 


Degrees 


Degree s 


Degrees 


0 


0 


6 


0 


10 


8.5 


10 


7 


20 . 


. - 13 


20 


12 


30 


15 


30 


14 


35 


15 


40 


11,5 






5b 


7 . 


The regular force tests were. made, at 


0° yaw, with a 


sufficient number of angles of 


attack to determine the 


maximum lift 


coefficient, the 


minimum drag 


coef f i cient , 



and the drag Coefficient at Oj, = 0.70, which is used to 
give a rate-of -climb criterion^ Because of the large ef- 
fect of yaw on the lateral stability, tests were made not 
only at 0 yaw, but also with an angle of yaw of 20° , 
which represents the conditt*nrs~ in a fairly severe side- 
slip. Free-autorotati on tests were made to determine the 
angle of attack, above which autorotation was self-start- 
ing with ailerons neutral. Forced-rotation tests were 
also made in which the rolling moment while rolling was 
measured at the rotational velocity corresponding to 
to »b 

2y ~ ^« 05 » tne highest rate likely to be obtained in 
gusty air, and at angles of yaw of both 0° and ~20°. 
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Aileron movem ents.- From tests with the single aile- 
rons deflected upward and downward various amounts, data 
were obtained from which the results were computed for 
four aileron movements: the equal up-and-down, average 
differential, extreme differential, and up-only movements. 
These movements were the same as those used in Fart I. 
(Eeferenoe 1.) The relative up-and-down displacements 
with the two differential movements are given in Table I 
and the assumed linkages to obtain all of the movements 
in Figure 3. The deflection of the ailerons was measured 
in a plane perpendicular to the hinge axis, and is slight- 
ly greater than the projected angle of deflection in a 
longitudinal plane. 

Accuracy .- The accuracy of the results presented in 
this report is the same as that obtained in Part I. It 
is considered satisfactory at all angles of attack except 
in the burbled region between 20° and 25° when the rolling 
and yawing moments are relatively unreliable due to the 
critical, and often unsymmetrical , condition of the bur- 
bled air flow around the wing. 

RESULTS 



Coefficients .- The force-test results are given in 
the form of absolute coefficients of lift and drag and of 
the rolling and yawing moments: 



C L = 
01' 



- lift 



q S 



rolling moment 
q. b S 



C ' = y awing moment 
11 q b S 

■where S is the total wing area, b is the wing span, 
and q is the dynamic pressure. The coefficients are 
obtained directly from the balance and refer to the wind 
(or tunnel) axes. In special cases in the discussion 
where the moments are used with reference to body axes, 
the coefficients are not primed. Thus the symbols for the 
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rolling and yawing moment coefficients about body axes are 
0^ and^ 0^. The results as given are not corrected for 
tunnel-wail^ef f ecV. _ 

!!?he results of the forced-rotation tests are given, 
also about the wind axes, by a coefficient representing 
the roJLling moment^ due_ t o rollingj , 4 ^ 



C 



" . -.A <l* S ^ - 

where \ is the rolling moment measured while the wing is 
rolling, and the other factors have the usual significance 
This coefficient may be used as a measure of the degree of 
lateral stability or instability of a wing under various 
rolling conditions. In the present case, it is used to 
indicate the charac t eristics of a wing when. it_ie subject- 
ed to ""Br"' rolling velocity equal to the maximum likely to be 
encountered in controlled' flight in very gusty air. This 
rolling velocity may be expressed in termB of the wing 
span as 

= 0.05 

where ,_V is the air speed at the center section of the 
wing, and p' is the angular velocity in roll about the 
wind axis. __ „ ^ s . T T f r : - ^ 

T abl es.- The results of the tests are given in TableB 
II to XV. Table II gives values of 0^,, Cp , C^', and 0 n ' 

for all aileron deflections ( one a ileron only) at 6 yaw 
for the wing with 5:3 taper, and medium aileron. Table II 
contains similar data for the same wing and aileron combi- 
nation, but with -20° yaw. Tables IV and V are similar to 
II and III, but contain the data for the short wide aile- 
rons on the same wing. Table VI contains the results of 
the rotation tests forjthe same wing. Similarly* Tables 
VII to XV give the results for the wing with 5:1 taper. 
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DISCUSSION IN TES'.;S OF CEITEEIONS 



For a comparison of the different lateral control ar- 
rangements, the results of the tests are discussed in terms 
of criterions, which are explained in detail in Part I and 
"briefly in the following paragraphs. By use of these cri- 
terions a comparison of the effect of the different control 
devices on the general performance, the lateral control- 
lability, and the lateral stability may be made. The value 
of the criterions summarizing the results of the present 
tests are given in Table XVI, and the values for the stand- 
ard and the short, wide ailerons of Part I (rectangular 
wings) are included for comparison. 



General Performance 
(Ailerons Neutral) 



Wing area required for d esired l a nding sp e ed. - The 
value of the maximum lift coefficient is used as a criter- 
ion of the wing area required for the desired landing speed 
or conversely for the landing speed obtained with a given 
wing area. The value of the maximum lift coefficient was 
nearly the same for .the tapered win^s as for the rectangu- 
lar, but the wing with 5: 3 taper had a very slightly higher 
value than the rectangular wing, and the wing with 5^1 ta- 
per had a very slightly higher value than that with 5:3 ta- 
per. _ 

Spee d range.- The ratio C Lma3C /c I)niin is a convenient 

figure of merit for comparison of the relative speed range 
obtained with various wings. The value of the speed-range 
ratio was slightly greater for the wing with 5:3 taper than 
for the rectangular wing, and was still greater for the 
wing with 5:1 taper. It was about the same for the wing 
with 5:1 taper as. for the straight wing with long rounded 
tips tested in Part VIII. (Reference l.j 

Eate of c l imb.- In order to establish a suitable cri- 
terion for the effect of the wing and the lateral control 
devices on the rate of climb of .an airplane, the perfor- 
mance curves of a number of types and sizes of airplanes 
were calculated, and the relation of the maximum rate of 
climb to the lift and drag curves was studied. This in- 
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vest igat ion showed that the l/d at _ C]y- = - 0 .70 gave a con- 
sistently reliable figure of merit for this purpose. The 
numerical value of this criterion was slightly lower for 
the wing with, extreme-. taper than for the wings with either 
5:3 tapSr ' Or rectangular form. 

Lateral Controllability 
.(Maximum Assumed Aileron Deflection} • 



polling criterion.- The f 6TTIhg~ criterion upon which 
the control effectiveness of each of the aileron arrange- 
ments is judged is a figure of merit which is designed to 
be proportional to the init ial_accel erat ion of the wing tip 
that follows instantaneous deflection of the ailerons from 
neutral, regardless of the air speed or the plan form of 
the wLng. ExpressedTn coefficient' form, this rolling cri- 
terion is 

' " C 7 3 b 2 

where b\ is the coefficient of rolling moment "cEue "to'the 
ailerons with respect to the body axes (which axle for the 
wing alone is taken as the midspan chord line), and I 
is the area moment of inertia of the wing about the midspan 
chord line. I more "detailed explanation of the derivation 
of EO and the assumptions upon 'which it is based xs~glven 
in Part I, reference I. 

The numerical vaTue _ bf this criterion that is assumed 
to represent satisfactory "control conditions £i approxi- 
mately 0 . 07 5 , the value given by the st~a~n~dard ordinary 
ailerons with the assumed maximum deflection of +25° at an 
angle"~of attack" of "lO -0 . (See Part I, reference 1.) 

The, comparison of tlie" criterion^ f or" the ,var lous aile- 
rons and movements is given in faT>le XV I for four repre- 
sentative" angles of attack: 0°, 10°, 20°, and 30°. The 0° 
angle represents the high-speed attitudes; d — IU° repre- 
sents the highest angle of attack in which entirely satis- 
factory control with ordinary ailerons is obtained; a — 20° 
is the - cOndit ion of greatest lateral instability and is 
probably about the greatest obtainable angle of attack in a 
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steady glide with most present-day airplanes; and f.inally, 
a = 30° is given only for a comparison -with controls for 
possible future types of airplanes. 

At a = 0° all the ailerons give values of EC greatly 
in excess of that considered necessary, the values for the 
wing with the 5:1 taper "being ahout one- third higher than 
those for the wings with the 5:3 taper or rectangular forms. 

At a = 10° the ailerons on the wing with 5:3 taper, 
as well as those on the rectangular wings, gave values of 
RO r-easonably close to the assumed satisfactory value, but 
the ailerons, on the wing with the 5:1 taper all gave values 
substantially higher - ,on the average about one- third high- 
er. Thus, all the ailerons on the wing with 5:1 taper had 
spans too great, although they were proportioned, to give 
the same rolling control as the medium ailerons on The rec- 
tangular wing at angles of attack below_ the stall. "This 
condition favors.- .the ailerons on the wing" with ertreme ta- 
per in the comparisons of Table XVI, but inasmuch as these 
ailerons, even with their large size, give very poor 665=" 
trol moments at high angles of attack, the comparis on" serves 
the purpose of the present -invest igat ion reasonably well. 

At a = 20° the ailerons on the wing with 5:3 taper 
gave definitely lower values of EC than the corresponding 
ailerons on rectangular wings^ and the values for the aHe- 
, rons on the wing with 5:1 taper were, in most cases" so low 
as to make these, ailerons useless for lateral control. The 
short wide ailerons with both the extreme differential and 
the up- only movements gave the highest values , those for 
the tapered ailerons with constant percentage chord being 
higher than those for the straight ailerons having con- 
stant absolute chord, but the highest was only about " 60" pe"r 
cent of the assumed sat isf actory value. iTone of the aile- 
rons gave moments of useful magnitude with the more" conven- 
tional equal up-and-down and ord.lnary " different ial move- 
ments. These tests indicate that ailerons on tapered win£s 
give excellent rolling-control moments at angles of"attack 
below the stall, but that these moments decrease vSTy" rig- 
idly as the stalling angle is exceeded so that " the control 
above the stall is very poor. ~ -=r 

At a — 30° the ailerons on the tapered wings gave 
higher _values of EC .than those on the rectangular wings, 
but for, the wing with 5:1 taper this fact means little, for 
the values were very low and in some cases negative for the 
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angles, of attach between that for the stall and 30°. 

Lat eral con trol with sideslip.- If a wing is yawed ap- 
preciably, a rolling moment is set up that. tendB to raise 
•the •forward tip.' The magnitude of .this rolling moment is 
alwaysi greater at very high angles of. attack than the avail- 
able -rolling moment due to ordinary .ailerons. The highest 
angle of attack at which the aileron, can balance the rolling 
.moment' due to 20° yaw is tabulated for all the arrangements 
tested as a criterion of control with sideslip. As pre- 
viously ■ ment ipned, 20° yaw represents the. conditions in a 
fairly- severe; ,a ideslip. The rolling control against the 
effect of. 20° sideslip for any of the ailerons on the ta- 
pered wines was from' 1° to 3°. lower, than for the' cor r e*- 1 ' 
sponding a ilerons on rectangular, -wings , : 

' Yawing mome nt d ue to ailerons. - The desirable yawing 
moment due to aileron's depends to some .extent upon the type 
of airplane that is being considered. It is obvious that a 
■yawing moment tending to retard the high wing when the air- 
plane' is., banked is never desirable. 3Tor highly maneuvorable 
military or acrobatic machines, complete independence of the 
controls as they effect turning moments about the various 
body axes ■ is probably a desirable feature. On the other 
hand, a,t high angles of attack a yawing moment of the proper 
magnitude tending to retard the l,ow wing would, under cer- 
tain circumstances, be an appreciable aid to safe flying for 
large transport, airplanes or for machines to be operated by 
relat ively ■ inexperienced pilots. The yawing moments caused 
by the -ail erons on the wing with 5:-3 taper .vrere si ightly 
smaller below the stall than those for the corresponding 
ail erons . on rectangular wings, but just above the Btall at 
an angle .of attack of 20° the ad verse yawing moments were 
greater. than for the' corresponding ailerons On rectangular 
wings. In fact, for all the aileron def lections except the 
up-only, the adverse yawing moments above the stall were 
greater than could be overcome .by an ayerage rudder. 

On the wing with 5:1' taper -at an- angle of attack of 0° 
the ailerons produced smaller values of the yawing moment 
coefficient than the ailerons on either the rectangular or 
5:3 taxered wings, and they produced no adverse yawing mo- 
ments of serious magnitude. At a = 10° no adverse' yawing 
moments of appreciable magnitude were produced by any of 
the* ailerons on the- wing with 5:1 taper, regardless of the 
form of movement. - Just above, .the stall, at a = 20°, how-?- 
ever, all the ailerons with. .all. of the. .m.pjr§asn.ts_.. except the 
up-only_g>ve enormous adverse yawing moments, the values 
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"being from three to four times those produced by an average 
rudder. . _ : 

Lateral Stability 

(Ailerons Neutral) 



Ang le o f at t ack ab o ve which autorotati on is self - 
st art ing . - This criterion is a measure of the range of an- 
gles of attack above which autorotation will start from an 
initial condition of practically zero rate of rotation. 
The limiting angle of attack was 3° lower for both of the 
tapered wings than for the rectangular wings. 

Stabil i ty ag ainst r olling caused by gusts.- Test 
flights have shown that in severe gusts a rolling velocity 

such that E.i-|L =» 0.05 may be obtained. Consequently, the 

rolling moment of a wing due to rolling at this value of 

2— ^ gives a measure of its stability charact erist ics ' iii" 

rough air. ' In the present case, the angle at which this 
rolling moment becomes zero is used as a SiCrB ~I ©vers cri- 
terion than the previously mentioned angle, at which autoro- 
tation is self-starting, to indicate the - pra'ct ical upper 
limit of the. useful angle-of-attack range. With 0° yaw the 
angle of attack for initial instability is also 3° lower 
for either of the tapered wings than for the rectangular. 
The actual value of the limiting angle is 14°, which it is 
interesting to note is 2° below the angle of attack for 
maximum lift. With 20° yaw the limiting angle for the wing 
with 5:3 taper was. about the same as that for the rectan- 
gular wings, but for the wing with 5:1 taper the limiting 
angle was 3° higher, and had the same value as for 0° yaw. 

The above criterion shows the critical range below 
which stability is such that any rolling is danped out*, and 
above which instability exists. The or it er ion ,• maximum 0\, 
indicates the degree. of this instability. With 0° yaw both 
of the tapered wings had maximum values of S"^ " which come 
within the range found for .various rectangular wings tested. 
The range of these values is fairly wide because they de- 
pend in a very critical manner on the exact dimensions of 
the airfoil, and are affected by variations which are well 
Within the ordinary limits of accuracy of construction for 
wing models. 
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The maximum aut orotat ional moment with 20 yaw is of 
importance only in the condition in which the airplane is 
skidded and the forward wing tip is rolled upward or the 
rear tip downward by a gust. With 20° yaw the value for 
the wing with 5:3 taper was ah out the eaioe as those for the 
rectangular wings, hut with the wing having the 5:1 taper 
this autorotat ipnal moment had only one-half the value of 
those for the other wings. . ... fc 



Control Force Required 



;?he hinge moments of the ailerons on the tapered wings 
were not measured in this investigation but were computed 
from the results of previous tests on hinge moments. Using 
data i'rom reference 3 as a "basis, the effect of wing taper 
on the hinge moments of the required shapes of ailerons was 
determined, assuming that the hinge moments varied as the 
square of the aileron chord and directly as the aileron 
span. The hinge moments of the ailerons on rectangular 
wings, reported in Part I, reference 1, were computed from 
reference 4, since those tests were made on similar wings 
under similar test conditions. The actual hinge moments of 
the ailerons on the present tapered wings were calculated 
using the moments of the ailerons on the rectangular wings 
as a standard, and the effects of taper as determined by 
the above method. 

A coefficient r ep-T~e~s~eTrt ing the force required on the 
cont rcl ' st ick was then computed in accordance with the fol- 
lowing formula: 



CF 



F Xli 



q X c X S X C 



Ll 



where If is the control force required, and I represents 
the- length. of the control lever. Similarly to the rolling 
criterion, the in t he denominator gives the value of 

the: co'ef f icient the proper relation regardless of the angle 
of attack or air speed, steady flight "being assumed. Al- 
though the tests described In reference 3 were ffl&de at s 
relatively low Reynolds Num"ber, the control forces as com- 
puted are believed to he accurate within about 10 per cent. 
Values of the coefficient are given in Table XVI at 0° and 
10° angle of attack f or . the assumed maximum ^.iier on deflec- 
tions, the top of the control stick "being given the same 
maximum travel in all cases. 
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It will "be noted that the control forces for ailerons 
on the wings tapered 5:3 are reduced "by about 32 per cent 
of the values for corresponding ailerons on rectangular 
wings. The control forces for the taper ed-chord ailerons 
on wings tapered 5:1 are reduced "by about 57 per cent and 
the forces for the constant- chord ailerons are reduced by 
about 65 per cent of the values for the corresponding aile- 
rons on rectangular wings. 

CONCLUSIONS 



1. The general performance of the tapered wings was 
slightly better than for the rectangular in regard to speed 
range, but was slightly poorer in regard to climb, the ef- 
fects being greater for the wing having 5:1 taper than for 
that with 5:3 taper. 

2. The rolling control given by the ailerons on the 
wing with 5:3 taper was about the same below the stall as 
that for corresponding ailerons on rectangular wings, but 
above the stall it was somewhat lower than for the rectan- 
gular wings, and also well below the assumed satisfactory 
value. At the angles of attack below the stall, the yawing 
moments caused by the ailerons were somewhat lower than 
with the rectangular wings, but just above the stall the 
adverse yawing moments were greater. 

3. The' ailerons on the wing with 5:1 taper gave better 
lateral control at angles of attack below the Btall £n re- 
gard to rolling, yawing, and hinge moments than the corre- 
sponding ailerons on rectangular wings or on the wing with 
5:3 taper, but just above the stall the rolling moments fell 
off almost completely and adverse yawing moments of great 
magnitude occurred. 

4. The aut orotat ional tendencies of both tapered wings 
were about the same magnitude as those of the rectangular 
wings, but started at an angle of. attack about 3 lower than 
for the rectangular wings and about 2° below that for maxi- 
mum lift coefficient. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va . , November 16, 1932. 



14 



N.A.C. A. Technical Note Ho. 449 



REFERENCES 



1. Wind- Tunnel Research Comparing Lateral Control Devices, 
Particularly at High Angles of Attack. 

Ordinary Ailerons on Rectangular WingB. 

T.R. No. 419, N.A.C.A., 1932, by Fred E. 
leick and Carl J, Wenzinger. 

II. Slotted Ailerons and Frise Ailerons. T.R. 

ITo. 422, N.A.C .A. , 1932, by Fred E. Weick 
and Richard W. Noyes. 

III. Ordinary Ailerons Rigged up 10° when Neutral. 

tf.R. No. 42 3, N.A.C.A. 4 "19 32, by Fred E. 
ffelck and Carl J. Wenzinger. 

17. Floating-Tip Ailerons on Rect angular_Wings . 

T"._R. No._ 424, N.A.C. A., 1932, by FredE. 
-""Weick and" Thomas A. Harris. 

V". Spoilers and Ailerons on" Rectangular Wings. 
' >' T.R. No. 439, N.A.C. A., 1932 , by Fred E. _ 

Weick and Joseph A.'Shortal. 

VI. Skewed Ailerons on Rectangular Wings. T.R. 

No. 444, N.A.C. A., 1932, by Fred E. Weick 
and Thomas A. Harris. 



'VII. Handley Page Tip and Full-Span Slots with Aile- 
rons and Spoilers. T.N. No. 4-3." N . a . C .A. , 
1933, by Fred E . Weick and Carl J. Wenzinger. 

VIII. Straight and Skewed Ailerons on Wings with 

Rounded Tips. T.N. No. 44~5T N , A . C . A . , 1933, 
byJFredJB. Weick and Jos eph A. Shortal. _ 

2. Harris, Thomas A.: The 7 by 10 Foot Winn. Tunnel of the 

^National Advisory Committw^for" Aei onaut les . T.R. 
-No. "412, N.A.C. A., 1931. 

3. Hoot, H. I.: The Effect of— Airfoil Thickness and Plan 

Form of Lateral Control. T.R. No. 169, N.A.C. A., 
1923. 

4. MonishT B. H. :" Effect "of Variation" of Chojrd and Span 

of Ailerons on Hinge Moments at Several Angles of 
Pitch. T.R. No. 370, N.A.C. A., 1930. 
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Tablei a * 3 



T1BIX II 

MHOS TIST8. OLART T 1119 TAFXHXD 5't » 
WIIH TAPERED 03DRD MEDIO* AIUBOI (Oil AILEROI OUT) 



R.E. - 609,000 Teloolty - 80 ■.p.h. Taw - 0° 



Of. 


-6° 


-*6 


-8° 


0° 


6° 


10° 


ISO 


14° 


16° 


160 


17° 


180 


300 


330 


26° 


30° 


400 


600 


80° 


















aileron looked 


and neutral 




















22 

0° 


0.007 
.016 


0.077 
.018 


0.148 
.017 


0.388 
.081 


0.718 
.04? 


1.080 
.088 


1.183 
.107 


1.349 
.138 


1.388 
.138 


1.376 
.163 


1.230 
.176 


1.193 
.19? 


1.096 
.33? 


1.038 
.369 


0.741 
.393 


0.763 
.480 


0.748 
.668 


0.700 
.866 


0.860 
1.018 


Bight aileron up 












0.018 
-.001 
.031 
.000 




0.017 
-.004 
.033 
-.005 














-.001 
-.005 
.009 
-.009 






0.006 
-.006 
.013 
-.008 


.003 
-.006 

.008 
-.009 








88 °> 

30° 
80° 








.038 
.003 
.0*4 
.004 




.040 
-.004 

.046 
-.003 




0.039 
-.007 




0.034"" 
-.008 




0.03? 
-.010 


.016 
-.011 

.019 
-.011 


0.008 
-.010 


0.014 
-.008 


.016 
-.010 

.033 
-.011 


.013 
-.011 

.017 
-.013 






M! 

40° 
*°2 








.046 
.008 
.083 
.006 




.049' 
-.003 

.086 
-.001 




.046 
-.004 




.043" 
-.006 




.034 
-.008 


.018 
-.009 

.034 
-.008 


.017 
-.006 


.018 
-.008 


.035 
-.010 

.030 
-.008 


.019 
-.014 

.034 
-.014 






t 


M « 
»» 
60° 
80» 








.060" 
.009 
.064 
.013 




.064' 
.003 
.089 
.008 




.063 
-.003 
.068 

.001 




.057" 
-.004 

.064 
-.001 




.048 
-.006 

.063 
-.004 


.033 
-.007 

.038 
-.006 


.037 
-.007 

.033 
-.005 


.013 
-.005 

.013 
-.005 


.013 
-.007 

.010 
-.007 


.015 
-.009 

.018 
-.009 






Bight aileron down 


i 


7° 

$ 








-.010 
.001 

-.012 
.001 




-.010 
.003 

-.011 
.003 




-.009 
.003 




-.008 
.003 




-.003 
.003 


-.003 
.003 

-.004 
.004. 


0.001 
.001 


-.001 
.001 


-.003 
.003 

-.003 
.005 


-.001 
.003 

-.003 
.003 






10 °o 

f 








-.018] 
.003 

-.018 
.003 




-.013 
.004 

-.016 
.008 














-.004 
.004 

-.004 
.005 






-.003 
.004 

-.003 
.004 


-.001 
.003 

-.003 
.004 






3- 

13° 








-.019 
.003 

-.021 
.003 




-.017' 
.006 

-.017 
.006 














-.006 
.005 

-.003 
.006 






-.003 
.004 

-.003 
.004 


-.003 
.004 

-.003 
.004 








14° 

15° 








-.023' 
.003 

-.033 
.003 




-.018 
.005 

-.019 
.008 




-.017 
.006 




-.014 
.007 




-.003 
.008 


-.003" 
.006 

-.003 
.006 


.003 
.003 


-.003 
.004 


-.003 
.005 

-.OOb 
.005 


-.001 
.004 

-.001 
.005 






1 










-.038 
.008 

-.032 
.007 




-.034 
.009 

-.039 
.011 




-.033 
.011 




-.018 
.010 




-.004 
.013 


-.003 
.008 
.001 
.009 


.005 
.007 


-.003 
. .008 


-.004 
.007 

-.003 
.009 


-.003 
.0Q7 

-.001 
.006 






i 


IP 








-.037' 
.009 

-.040 
.011 




-;051 

.013 
-.031 
.014 














'.001 
.011 
.006 
.011 






-.004 
.011 

-.002 
.012 


-.001 
.011 
.001 
.011 







TABLE III 



rOROI TESTS. OLARI Y Wild TAPERED 5 : 8 
WITH TAPERED OBORD KESIUU AIKROI (OSE AIKROE OUT) 



a. 


-5° 


-4° 


-3° 


0° 


6° 


10° 


13° 


14° 


15° 


16° 


17° 


18° 


30° 


33° 


36° 


30° 


40° 


60° 


60° 














Aileron looked and 


neutr«l 


30° yaw 














% 


°i 

0° 
0° 


0.006 
.017 
.005 

-.003 




0.136 
.017 
.006 

-.003 


0.333 
.030 
.008 

-.003 


0.643 
.041 
.010 

-.003 


0.943 
.079 
.014 

-.008 


1.041 
.094 
.017 

-.007 


1.131 
.113 
.033 

-.009 




1.160 
.130 
.036 

-.013 




1.176 
.161 
.070 

-.014 


1.155 
.813 
.103 

-.023 


0.887 
.346 
.110 

-.030 


0.649 
.404 
.094 

-.040 


0.883 
.485 
.076 

-.043 


0.783 
.653 
.054 

-.041 


0.722 
.636 
.047 

-.046 


0.600 
1.003 
.044 
-.064 














Aileron looked and neutral 


-30° ] 


raw 










I- 
V 


00 
0° 
0° 
00 


0.001 
.030 

-.006 
.001 




0.133 
.018 

-.007 
.001 


0.313 
.031 

-.009 
.001 


0.635 
.043 

-.018 
.003 


0.939 
.078 

-.016 
.005 


1.033 
.096 

-.030 
.006 


1.105 
.111 

-.015 
.006 




1.157 
.131 

-.033 
.013 




1.181 
.181 

-.041 
.014 


1.173 
.307 

-.069 
.015 


0.857 
.339 

-.083 
.038 


0.854 
.401 

-.093 
.037 


0.838 
.493 

-.083 
.043 


0.788 
.668 

-.054 
.038 


0.730 
.849 

-.047 
.044 


0.630 
1.017 
-.044 
.063 
















BigSt aileron up -30° 


jaw 
















0,' 

V 

Op' 

<£.' 


36° 
35° 








0.038 
.003 
.051 
.006 




0.039 
-.004 
.053 
-.003 




0.040 
-.007 
.058 
-.0061 




0.041 
-.009 
.064 

-.006. 




0.044 
-.010 
.057 
-.010 


0.045 
-.013 
.059 
-.013 


0.038 
-.031 
.040 
-.034 


0.031 
-.018 
.038 
-.031 


0.011 
-.013 
.030 
-.017 


0.010 
-.009 
.016 
-.011 






o?' 

0 ' 

o?' 
»n' 


w°- 

60° 
80? 
60° 








.059 
.010 
.061 
.013 




.067 
.003 
.073 
.005 




.067 
-.003 
.076 
.001 




.069 
-.OOo 

.077 
-.001 




.071 
-.007 

.080 
-.004 


.075 
-.010 

.083 
-.007 


.049 
-.034 

.056 
-.023 


..044 
-.021 

.049 
-.030 


.037 
-.017 

.031 
-.016 


.004 
-.009 

.006 
-.008 


















Bight aileron down 


30° 


yaw 
















2n : 


70 

7° 








■-.009 
.001 




-.006 
.003 




-.006 
.003 




-.006 
.003 




-.005 
.003 


-.003 
.003 


.000 
.003 


-.001 
.003 


-.008 
.003 


-.001 
.003 






? 


160 








-.019 
.004 




-.014 
.005 




-.014 
.006 




-.014' 
.006 




-.013 
.006 


-.008 
.006 


-.002 
.005 


-.004 
.006 


.001 
.005 


.007 
.006 






of; 
V 


eg 

35° 








-.036 
.006 




loio 




-.031 
.011 




-.020 
.010 




-.018 
.010 


-.014 

.011 


-.004 
.016 


-.006 
.010 


-.003 
.009 


-.003 
.010 
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Table. 4 ft B 



TABU xr 



TCROI TE8T8. DLABI T TOO TAPHUtD 6:3 J 
WITH TAFERSD CHORD 833HT TSSt AXIXROI (OSS AXLXROI OILY) 
B.I. - 609,000 Velocity - 80 ».p,h. T»w - 0° 



a. 


-6° 


-4° 


-s° 


0° 


6° 


10° 


13° 


14° 


18° 


16° 


17° 


18° 


30° 


33° 


36° 


30° 


40° 


50° 


60° 




6a 


Aileron looked and neutral 


On 


°5 
0° 


0.010 
.016 


0.074 
.016 


0.146 
.016 


0.3F8 
.081 


0.716 
.046 


1.066 
.086 


1.158 
.108 


1.347 
.126 


1.373 
.137 


1.383 
.163 


1.345 
.176 


1.180 
.197 


1.106 
.337 


1.033 
.364 


0.740 
.393 


0.765 
.481 


0.750 
.863 


0.693 
.851 


0.878 
1.000 


Bight aileron up 


&: 

Ski 

ft. 1 . 

Ol 1 

2? 
2l 

On" 
Ot' 
On" 


10° 
10° 
30° 

ao? 








0.017 
-.001 
.031 
.001 


- 


0.018 
-.003 
.034 
-.004 










0.033 
-.006 


0.038 
-.009 

.038 
-.007 

.054 
-.003 
.065 
.003 


0.004 
-.004 

.018 
-.009 

.038 
-.009 

.035 

-!oio 

.033 
-.009 

.037 
-.007 

.048 
-.003 

.058 

.003 


0.031 
-.011 

.036 
-.011 

.045 
-.005 
.049 
.000 


0.010 
-.008 

.015 
-.010 

.024 
-.006 

.030 
-.004 


0.004 
-,004 

.010 

.000 

.013 
-.009 

.017 
-.010 

.019 
-.011 

.033 
-.011 

.018 
-.007 

.017 
-.006 


0.003 
-.004 

.007 

.001 

.010 
-.010 

.014 
-.013 

.017 
-.013 

.033 
-.016 

.038 
-.016 

.030 
-.011 






30° 
30° 








.038 
.003 
.043 
.006 




.041 
-.003 

.048 
-.001 




0.038 
-.005 




0.087 
-.007 


^ 
36? 

40° 

40° 








.047' 
.007 
.063 
.010 




.063' 
.000 
.069 
.003 




.060" 
-.003 

.069 
.004 
.078 
.007 


0.088 
.003 


.049" 
-.004 

.067 
.003 
.076 
.006 


.063 
.001 
.073 
.005 


80° 

so? 

80° 
60° 








.060" 
.014 
.063 
.018 




.068 
.007 
.076 
.010 












Right aileron down ■— 










1: 

Si! 

o tt 

Ol ' 
On' 
Oi ■ 
On' 

1 
1 

V 










-.013 
.003 

-.016 
.003 




-.009 
.003 

-.011 
.004 




-.009 
.004 




-.010 
.004 


-.003 
.004 


-.004 
.004 


0.000 
.004 
,003 
.006 


0.003 
.003 


0.000 
.003 


-.003 
.003 

-.003 
.004 

-.001 
.005 

-.001 
.005 

-.003 
.005 

-.003 
.006 

-.003 
.006 

-.001 
,007 
.000 
.008 
.001 
.010 
.003 
.013 
.003 
.013 


-.001 
.004 

-.001 
.004 

-.001 
.006 

-.001 
.006 

-.001 
.006 

-.001 
.006 

-.001 
.007 
.000 
.007 
.000 
.010 
.001 
.011 
.003 
.013 
.003 
.014 






10° 








-.017 
.003 

-.030 
.008 




-.013' 
.006 

-.016 
.006 














.0011 
.006 
.003 
.006^ 














-.018 
.003 

-.030 
.004 




-.016" 
.006 

-.017 
.006 














.003 
.006 
.003 
.006 






i 








-.081 
.004 

-.033 
.008 




-.018" 
.007 

-.018 
.008 




-.018 
.008 




-.016 
.009 

-.033 
.016 


-.009 
.010 

-.013 
.016 


-.009 
.009 

-.011 
.014 


.001" 
.007 
.003 
.007 
.001 
.009 
.001 
.011 
.004 
.013 
.008 
.013 


.007 
.006 

.009 
.008 


-.003 
.006 

.000 
.009 


5 








-.037 
.007 

-.030 
.009 




-.033" 
.010 

-..037 
.013 




-.037 
.014 




30° 
30° 
36° 
36° 








-.034 

.011 
-.037 
.013 




-.030 
.016 

-.030 
.016 








TABU T 

FOROX MBTS. OLARX T 1X10 TAFXRXS 6 : 5 
IXtH lAPERED OBORD SHORT 1XDX AIIXROI (0KB AXUROI OUT) 






a 


-6° 


-4° 


-3° 


0° 


6° 


10° 


13° 


14° 


16° 


18° 


17° 1 18° 


30° 


33° 


35° 


30° 


40° 


60° 


60° 




°A 


Aileron looked and neutral 80° raw 


S L 

°D 
0? 

V 


°b 
°S 

<£ 
0° 


0.003 
.017 
-006 

-.003 




0.130 
.017 
.006 

-.003 


0.318 
.031 
.008 

-.003 


0.639 
.041 
.010 

-.003 


0.840 
.077 
.016 

-.005 


1.048 
.093 
.015 

-.006 


1.133 
.113 
.019 

-.ooe 


1.160 
.130 
.033 

-.010 


1.161 
.130 
.033 

-.011 


1.176 
.143 
.047 

-.013 


1.178 
.160 
.059 

-.014 


1.170 
.308 
.103 

-.020 


1.138 
.863 
.117 

-.036 


0.853 
.403 
.094 

-.040 


0.837 
.485 
.075 

-.043 


0.785 
.656 
.053 

-.040 


0.737 
.839 
.049 

-.045 


0.610 
1.003 
.045 
-.054 


Aileron lonked and neutral -30° yaw 


Si 

ok' 


0° 

of, 

0° 
0° 


.000 
.018 
-.006 
.003 




.180 
.017 
-.007 
.001 


.308 
.081 
-.008 
.001 


.636 
.041 
-.010 
.003 


.916 
.078 
-.016 
.005 


1.036 
.098 

-.019 
.006 


1.099 
.109 

-.034 
.008 


1.130 

.lie 

-.037 
.010 


1.1B6 
.139 

-.033 
•Oil 


1.156 
.139 

-.034 
.013 


1.168 
.158 

-.046 
.013 


1.170 
.303 

-.065 
.015 


0.878 
.341 

-.084 
.038 


0.843 
.398 

-.101 
.038 


0.830 
.485 

-.073 
.041 


0.783 
.663 

-.061 
.039 


0.738 
.861 

-.048 
.045 


0.630 
1.018 
-.046 
.063 






Eight aileron up -30° raw 


|: 

On' 


8 5°, 

26° 
36° 
38° 




* 




0.038 
.004 
.064 
.009 




0.037 
-.003 
.065 

.000 




0.037 
-.006 
.054 
-.004 




0.036 
-.007 
.054 
-.005 


0.036 
-.008 


0.037 
-.008 

.056 
-.008 

.085 
-.003 

.098 

.004 


0.041 
-.011 

.060 
-.013 

.090 
-.007 

.106 
-.001 


0.039 
-.031 

.043 
-.038 

.071 
-.023 

.oee 

-.017 


0.039 
-.030 

.045 
-.035 

.068 
-.035 

.080 
-.030 


0.040 
-.013 

.030 
-.019 

.043 
-.031 

.063 
-.018 


0.001 
-.008 

.007 
-.011 

.030 
-.018 

.039 
-.016 






60° 
60' 
60° 
80° 








.061 
.016 
.060 
.019 




.078 
.009 
.077 
.013 




.081 
.004 
.086 
.010 




.083 
.003 
.091 
.008 








Bight aileron down 30° yw 








Oi' 
On 
°l' 

Ol' 

ok' 


7° 
7° 










.009 
.003 




-.010 
.003 




-.008 
.004 




-.008 
.004 




-.007 
.003 

-.018 
.008 

-.033 
.013 


-.005 
.003 

-.010 
.007 

-.016 
.013 


-.008 
.003 

-.011 
.003 

-.010 
.013 


-.003 
.003 

-.003 
.007 

-,006 
.011 


-.001 
.003 

-.003 
.005 

-.001 
.009 


-.001 
.004 
.000 
.006 
.000 
.010 






«£ 








.009 
.004 




-.019 
.T»7 




-.019 
.006 




-.017 
.009 




86° 








.030 
.009 




-.037 
.013 




-.026 
.014 




-.084 

.015 
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Tibiae 8*7 



TAB IX VI 

ROT AT 10 V TESTS. GLARE T WHO TATSRED 5 
^ - 0.05 



|+j aiding rotation 



O x 1. giTen 'or fern* rotation at a 7 » ( _j 4,^^ rotrtl8a 

E.I. - 609,000 Telooity - 80 n.p.h. 





a 


0° 


10O 


13" 


1*° 


16° 


180 


18° 


30O 


31° 


33° 


340 


36° 


36° 


38° 


3QO 


33« 


38° 


40° 


Allarona nautxal In « 0° 


(+) Rota- 
tion 
(olook- 
wiaa) 


\ 


-o.oas 




-.019 


-.013 


-.003 


.000 


.030 


.036 


.036 




.000 




-1 003 


-.003 


-.003 


-.003 


-.003 


-.003 


(-) Rota- 
tion 
(oounter- 
clockwiee' 




-.021 




-.011 


.003 


.01? 


.033 


.034 


.046 


.040 




.004 




.004 


.001 


.000 


.000 


.000 


.000 


Allarona neutral la* - -30° 


(+) Rota- 
tion 
.(olook- 
wlao) 


\ 


-.036 


-.028 


-.030 




-.063 


-.076 


-.064' 


-.048 


-.067 


-.074 




-.073 




-.063 


-.064 


-.061 


-.047 


-.043 


(-) Rota- 
tion 
(oounter- 
olookwiee) 




-.013 


-.003 


.004 




-.038 


-.069 


-.071 


-.084 


-.084 


-.076 




^073 




-.067 


-.061 


-.066 


-.044 


-.037 



TABLE TTI 

roROT liars, glare t vxia tapersb 6 -. 1 

. WITS TAPEtXD GBDRD HDIUH AXLE80I PI! AILESQK OILY) 
».I. - 609,000 Teloolty - 60 n.p.h. Taw » 0° 



a 


-6° 


-4° 


-3° 




60 


10° 


IS* 


14° 


16° 


17° 


18° 


80° 


83° 


35° 


30° 


40° 


.60° 


60° 










Aileron 


looked 


and neutral 




















o c 


-0.010 
.017 


0.061 
.016 


o.ua 

.016 


0.336 
.031 


0.683 
.046 


1.006 
.081 


1.114 
.103 


1.314 
.133 


1.378 
.144 


1.888 
.162 


1.273 
.ITS 


1.313 
.330 


0.870 
.338 


0.779 
.391 


0.713 
.458 


0.718 
.651 


0.686 
.843 


0.563 
1.004 


Right aileron up 


1 


10° 
100 

30° 








.017 
-.001 
.031 
.001 




.014 
-.003 

.031 
-.003 












.004 
-.003 

.008 
-.007 






.004 
-.004 

.008 
-.007 


.004 
-.004 

.009 
-.009 






1 


36° 
36° 
30° 
300 








.036 
.003 
.041 
.003 j 




h .036 
-.003 
.040 

-.ooa H 




.038 
-.004 


.087 
-.006 




.018 
-.008 


.010 
-.007 

.014 
-.008 


-.011 
-.018 


-.003 
-.003 


.013 
-.008 

.017 
-.009 


.013 
-.011 

.017 
-.013 






£ 


36° 
35° 
40° 
400 








.046 

.003 
.050 
.006 




.046 
-.003 
.080 
.001 




.040 
-.003 


.030 
-.004 




.017 
-.006 


.010 
-.006 

.008 
-.005 


-.007 
-.018 


.001 
-.004 


.030 
-.010 

.013 
-.006 


.031 
-014 

.017 
-.011 








60° 
60° 

60° 








.056 
.006 
.063 
.011 




.068 
.003 
.064 
.008 




.063 
.000 
.060 
.003 


.045 
-.003 
.052 
.001 




.038 
-.005 

.035 
-.003 


.008 
-.005 

.013 
-.005 


-.017 
-.018 
-.014 
-.013 


-.010 
.000 
-.011 
—010 


.007 
—006 

.007 
-.006 


.013 
-.008 

.011 
—008 






Right aileron down V 


li 


70 

$ 








-.011 
.001 

-.015 
.001 




-.009 
.003 

-.011 
.003 




-.008 
.003 


-.007 
.003 




-.001 
.003 


-.003 
.003 

-.003 
.003 


-.003 
.003 


-.016 
.004 


-.003 
.003 

—003 
.003 


-.003 
.003 

-.003 
.003 






V 
V 

ti 


10« 
10° 

iii° 








-.017 

.003 

-.018 
.003 




-.013 

.008 

-.018 
.003 












-.003 

.004 

-.003 
.004 






f-.001 
H .003 

r .ooi 

1.003 
.004 
.001 


-.003 

.004 

-.003 
.005 








ar-i 

13° 

13° 
13° 








-.019 

.003 

-.030 
.003 




-.016] 

.003 

-.018 
.004 












-.003" 

.005 

-.003 
.005 






r— 003 

1 .003 
Y -004 
1 .003 
.003 
.003 


-.003 

.008 

-.003 
.005 






1 


140 
140 
16° 
18 2 








-.031' 
.003 

-.033 
.003. 




-.018 
.004 

-.019 
.004. 




-.018 
.004 


-.011 
.003 




-.003 
.003 


.018 
.014 
.017 
.015 


-.006 
.006 


-.020 
.006 


.003 
.004 
.003 
.003 


.003 
.006 
-.003 
.007 






% 


30° 
30O 
86° 
360 








-.036 
.004 

-.038 
.006 




-.034 
.006 

-.037 
.008 J 




-.019 
.008 


-.011 
.008 




-.003 
.009 


.016 
.016 
.016 
.019 


-.008 
.009 


-.033 
.013 


.002 
.004 
.003 
.008 


-.003 
.007 

-.003 
.010 






30? 
30° 
360 
38° 








-.039 
.008 

-.034 
.008 




-.031 
.009 

-.030 
.011 










.018 
.030 
.014 
.031 




.003 
.008 
.003 
.011 


-.003 
.011 

—003 
.014 
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titlil 8 


1 9 




















umx mi 






























TORM MStS. OUBK T 8IIC TAPIKXD 5 : 1 
TITE IIFEOBJ CEDED IHDIUX IILEBOI (Oil ULEROI OILY) 
R.I. • 609,000 Telocity - 80 K.p.n. Taw - ± 80° 










• 


a 


-8" | 


-4o| 


-8" 


' oo" 


60 


10° | 


!* 


14° 


180 


if l 


If 


300 


33° 


850 


SQO 


40° 1 


60O, 


60* 






















lilaxon looked tad neutral 


SOO y«JT 
















I- 


°S 

°s 

0° 


-0.004 
.018 
.008 

-.ooa 




0.117 
.015 
.008 

-.003 


0.398 
.019 
.010 

-.001 


0.603 
.038 
.013 

-.003 


0.893 
.073 
.019 

-.004 


0.990 
.088 
.031 

-.005 


1.063 
.104 

.oas 

-.006 


1.168 
.186 
.089 

-.008 




1.178 
.166 
.046 

-.001 


1.800 
.308 
.064 

-.003 


1.31! 
.364 
.098 

-.003 


0.918 

!040 
-.031 


0.783 
.481 
.083 

-.033 


0.767 
.638 
.051 

-.033 


0.694 
.830 
.048 

-.039 


0.576 
.887 
.044 

-.046 






Ail«oa lootad and neutral -80° yaw 






!■ 


0° 
0° 
0? 
0° 


-.010 
017 
-'.005 
■003 




.108 
017 
-*006 
■001 


.384 
031 
-'.009 
.001 


.891 
.039 
-.014 
.003 


.873 
.072 
-.019 
.004 


.972 
.088 
-.031 
.005 


1.058 
.104 

-.088 
.006 


1.137 
.133 

-.031 
.008 




1.168 
.167 

-.060 
.000 


1.168 
.304 

-.068 
.001 


1.168 
.363 

-.073 
.007 


.983 

-loeo 

.037 


.778 
.481 
-.068 
.039 


.763 
640 
-.060 
•C38 


.706 
.886 
-.048 
.036 


.583 
1.000 
-.045 

.043 






















Biglrt aileron up 


-so 0 r» 


















0,' 


s£ 

86° 

s?? 
3e £ 








.033 
.008 
.048 
.004 




.031 
-.003 

.040 
-.001 




.031 
-.004 

.038 
-.003 


.030 
-.005 

.03? 
-.004 




.039 
-.009 

.037 
-.006 


.038 
-.00? 

.038 
-.009 


.039 
-.015 

.039 
-.013 


-.005 
-.003 
.004 
-.039 


.003 
-.008 

.009 
-.008 


.013 
-.011 

.031 
-.015 










V 


M 2 

50? 
60" 
60° 








.066 
.001 
.081 
.018 




.056 
.003 
.061 
.008 




.053 
.008 
.060 
.003 


.051 
.007 
.058 
.001 




.049 
-.001 

.056 
-.001 


.048 
.001 
.054 
-.004 


.047 
.005 
.043 
-.007 


.010 
.025 
.015 
-.084 


.018 
.031 
.011 
-.006 


.019 
.033 
.014 
-.010 


























Right aileron doen 


80° ;u 


















0,' 


12 
7° 








-.008 

.001 




-.008 
.008 




-.008 
.003 


-.008 
.008 




-.006 
.004 


-.005 
.004 


-.004 
.003 


-.008 
.003 


-.003 
.002 


-.003 
.003 










1 


18° 








-.018 
.003 




-.016 
.004 




-.014 
.004 


-.003 
.018 




-.003 
.007 


-.008 
.008 


-.009 
.007 


-.006 
.007 


-.005 
.006 


-.006 
.007 












28" 

as* 








-.084' 
.008 




-.034 

.007 




-.030 
.009 


-.006' 
.018 




-.010 
.019 


-.010 
.013 


-.010 
.011 


-.008 

.010 


-.006 
.008 


-.004 
.009 




























MBIX IX 






























TOROI TIST8. OUBI T ¥110 71FXHCD B : 1 
WITH ftftRZD OBDHD 8BDRI KM 1XLCR0X (OB 1IUE0I OILY} 
R.I. - 609,000 Telocity - 80 ».p.h. Ya» - 0 5 














-5° 


-4« 


-3° 


00 


«° 


lO* 


130 


14= 


18° 


if 


18" 


80° 


330 


860 


30O 


40° 


80° | 60" 










iileron locked end neutrel 








0° 


f-O.Oll 
.015 


0.0B9 
.016 


0.131 
.016 


0.833 
.030 


0.883 
.044 


1.008 
.083 




1.818 
.183 


1.365 
.148 


1.385 
.164 


1.371 
.183 


1.803 

.333 


1.060 
.333 


0.833 
.400 


0.709 
.455 


0.718 
.551 


0.667 
.847 


0.657 
1.003 






BigSt aileron up 








10O 
10° 
30? 

ao° 








.081 
-.001 
.036 
.001 




.018 
-.003 

.034 
-.004 












.003 
-.004 

.008 
-.008 






.003 
-.004 

.00? 
-.006 


.004 
-.005 

.009 
-.009 










f 


as 0 
as? 

80° 








.040 
.003 
.044 
.004 




.041 
-.003 

.046 
-.001 




.039 
-.005 


.038 
-.008 




.017 
-.008 


.010 
-.011 

.016 
-.013 


-.010 
-.018 


-.006 
-.003 


.009 
-.008 

.013 
-.009 


.015 
-.012 

.017 
-.014 












38° 
36° 
40° 
*°S 








.048 
.005 
.051 

.007 




.053 
.000 
.053 
.002 




.049 
-.003 


.041 
-.004 




.038 
-.007 


.019 
-.013 

.023 
-.010 


-.003 
-.019 


-.001 
-.005 


.017 
-.010 

.018 
-.009 


.031 
-.018 

.035 
-.016 










i 


M a 
M 2 
60° 

60° 








.060 
.011 
.064 
.014 




.067 
.006 
.074 
.009 




.063 
.003 
.073 
.007 


.080 
.003 
.067 
.005 




.045 
-.003 
.053 
.003 


.031 
-.008 

.038 
-.004 


.003 
-.018 

.015 
-.014 


-.010 
-.003 
-.006 
-.001 


.010 
-.007 

.007 
-.008 


.080 
-.014 

.017 
-.011 










Biglrt aileron down 






V 


?o 
7° 
8x° 
81° 








-.010 
.001 

-.013 
.001 




-.007 
.003 

-.008 
.003 




-.015 

.003 


-.001 
.003 




-.001 
.003 


-.001 
.003 
-.003 

.003 


-.001 
.003 


-.00! 
.003 


J .005 

V-.ooi 

f .003 
1 .000 
f-.OOl 
i .003 

f .003 

1.001 
#004 
1. .005 
r .005 
\ .008 

iF-.ooe 

V .004 

r .oo? 

t .003 

I .004 
f .003 
I .006 

r .006 

(-.006 
f .003 
1 .007 
.004 
.004 
.004 
.003 


.000 
.003 
.000 
.004 










V 

<v 


10° 
10° 
lli' 
l£ c 








-.015 
.001 

-.016 
.008 




-.008 
.003 

-.010 
.003 












.016 
.011 
.016 
.013 






-.001 
.004 

-.001 
.008 










V 
%' 

V 


12° 
ia° 

13° 
13° 








-.016 
.003 

-.017 
.003 




-.010 
.003 

-.011 
.004 












.016 
.013 
.016 
.013 






-.003 
.005 

-.001 
:0O6 










I 


"2 

l £ 

18°. 








-.018 
.003 

-.019 
.008 




-.018 
.004 

-.018 
.004 




-.00( 
.00- 


1 .OOC 




-.001 
.005 


.016 
.013 
.017 
.013 


-.003 
.005 


-.009 

.007 


-.001 
.006 

-.001 
.006 

-.001 
.008 
.000 

.009 












30° 

20? 
26° 

86° 








-.084 
.005 
-.084 

.008 




-.017 
.007 
-.018 

.008 




-.00! 
.00 


| .OOC 

.ooa 

-01C 




r.ooo 

1.010 

;.oi7 


.017 
.015 
.018 

.017 


.000 
.009 


-.010 
.011 


.004 
.008 
.004 

.007 










ii 


80? 

? 
36° 








-.036 
.008 

-.039 
.010 




-.019 
.010 

-.019 
.013 










■\.009 


.030 
.018 
.031 
.030 






.006 

:§£ 

.012 


.003 
.012 
.004 
.011 
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TABU X 

TOROI TISI8. OLARt T Vim TAMRID E : 1 WITH TAFXHID 
CHORD 8S0RS WXM AIIXROI (OR AIUROI OUT) 



E.I. - 609,000 Teloolty - 80 ».p.h. Taw - ± 30° 



a 


-6° 


0° 


6° 


10° 


13° 


14° 


16° 


17° 


18° 


30° 


33° 


35° 


30° 


40° 


60° 


60» 










8. 
°A 












Aileron looted ul neutral 


30= 


yaw 














*■ 


°S 

°2 

0° 


-0.098 

.010 
.008 
-.003. 


0.398 
.030 
.011 

-.003 


0.803 
.039 
.013 

-.003 


0.887 
• 073 

!ois 

-.006 




1.078 
.106 
.033 

-.007 


1.184 
.137 
.037 

-.007 




1.174 
.167 
.043 

-.001 


1.187 
.311 
.063 

-.006 


1.307 
.369 
.076 

-.009 


0.938 
399 
!033 
-.030 


0.783 
.461 
.063 

-.033 


0.766 
635 
'.068 
-.033 


0.893 
835 
!048 
-.038 


0.673 
.683 
.046 

—044 




















A1K 


ion looked i 


md neutral 


-30° 


y«r 
















°o 

$ 


-.013 
.017 

-.006 
.003 


.383 
.030 
-.008 
.001 


.689 
.038 
-.016 
.003 


.868 
071 
-.018 
.004 




1.08S 
.108 

-.037 
.006 


1.143 
.136 

-.034 
.008 




1.163 
.171 

-.068 
.001 


1.163 
.311 
-.071 

.ooi 


1.136 
.361 

-.078 
.007 


.936 
.397 
-.064 
.039 


.733 
.463 
-.069 
•031 


.768 
.648 
-.049 
.033 


.703 

-:§S 

•037 


.569 
.996 
-044 
.043 
























Right aileron up 


-30° yaw 
















<%' 

§?: 

ok' 


SB 0 
35° 
36° 

ze° 




.037 
.003 
.MB 
.007. 




.036 
-.003 
.049 
.001 




.036 
-.004 

.049 
-.003 


.036 
-.006 

.049 
-.003 




.034 
-.007 

.048 
-.007 


.038 
-.011 

.047 
-.011 


.036 
-.016 
.040 

—CM' 


.007 
-.019 

.006 
-.030 


.001 
-.008 

.006 
-.011 


.009 
-.013 

.016 
-.016 












60° 
60° 
80? 
60° 




.060 
.013 
.060 
.016 




.069 
.007 
.076 
.013 




.070 
.004 
.078 
.003 


.070 
.003 
.080 
.006 




.066 
-.001 
.076 
.003 


.068 
-.007 

.079 
-.003 


.060 
-.013 

.071 
-.007 


.019 
— 0J5 

.039 
-.031 


.018 
-.013 

.089 
-.011 


•CS4 
-.016 

.030 
-.013 
























Right aileron down 


so' 


> yw 














Ot* 

I- 


7° 

2 - 




-.010 

.001. 




-.008 
.003 




-.006 
.003 


-.004 
.003 




-.003 
.003 


-.004 
.003 


-.004 

.003 


-.003 

-:88 

.006 


-.003 
.003 


-.001 
.004 












16? 

■ 




-.017 
.004 




-.016 
.006 




-.010 
.006 


.001 
.007 




-.004 
.007 


-.007 
.007 


-.007 
.007 


-.001 
.004 


-.061 
.005 














»B° 

as" 




-.034 
.007 




-.019 
.009 




-.013 
.011 


:ooi 

.016 




-.006 
.013 


-.010 
.011 


-.010 
.011 


-.006 
.011 


-.003 

.007 


-.001 
.008 













TABU XI 

TOROI TISTB. OURK T WJI0 TAFERK) 5 : 1 W17H COlBTAlT 
0 IBRD lODIUlI AIUROI (OW AIUROI OILT) 

R.I. a 809,000 Teloolty - 80 a.p.h. Taw - 0° 





-60 | -40 | -SO 


0°| 60 


100 


140 


16° 


ir» 


180 


30° 


s3 o 


as° 


30° 


40* 


60° 


60° 




S A 








Aileron looked' and neutral 














k 


0° 
OO 


-.007 
.016 


.063 
.015 


.133; 
.016 


.741 
.081 


.688 
.044 


1.013 
.083 


1.317 
.133 


1.380 
,.143 


1.387 
.163 


1.377 
.180 


1.310 
.884 


.967 
.349 


.771 
.385 


.710 
.455 


.718 
-t43 


.668 
.848 


.653 
1.007 












Right aileron up 


li 


10° 
30° 
20° 








.020 
-.001 
.036 
.001 




.016 
-.003 

.036 
-.004 










.001 
-.005 

.007 
-.009 






.003 
-.004 

.007 
-.007 


.004 
-.005 

.010 
-.010 






|: 

r; 


25° 
3S° 
300 
30O 








.440 
.001 
.044 
.003 




.041 
-.004 

.045 
-.008 


.037 
-.006 


.033 
-.006 




.016 
—008 


.010 
-.009 

.007 
-.006 


-.010 
-.017 


.013 
— 003 


.013 
-.008 

.018 
—009 


.014 
-.013 

.018 
-.014 






33° 
36° 
40° 
400 








.049 
.004 
.063 
'.O05 




.050 
-.003 
.053 
.000 


.043 
-.004 


.036 
-.008 




.019 
-.006 


.006 
-.006 

.008 
-.007 


-.009 
-.018 


.019 
—008 


.019 
-.009 

.009 
-.005 


.033 
-.016 

.016 
-.010 






I: 


BOO 
60° 
60° 
60° 








.060 
.006 
.068 
.011 




.063 
.003 
.069 
.005 


.067 
-.001 
.064 
.003 


.060 
-.003 
.055 
.001 




.030 
— 005 

.038 
—003 


.013 
-.007 

.016 
-.006 


-.009 
-.015 
—007 
—014 


.009 
—006 
.0104.018 
-.004 


.008 
-.005 

.018 
-.007 


.011 
-.009 

.013 
-.009 






Right aileron down 


|; 


7° 








^.013 
.001 

-.014 
.003 




-.009 
.003 

-.011 
.003 


-.008 
.003 


-.005 
.003 




-.008 
.003 


.019 
.018 
.019 
.013, 


.011 
.005 


.009 
—001 


.0044-. 003 
.0034 .000 
-.003 
.003 


-.003 
.003 

-.003 
.004 








10? 

1* 

ll*o 








p. 018 
.003 

-.016 
.003 




-.01* 
.003 

-.014 
.004 










.016 
.013 
.018 
.013. 






.003 
.003 
.003 
.003 


-:§SI 

-.003 
.005 






1 


13° 
18° 
13° 
13°. 








-.031" 
.003 

-.031 
.003, 




— OlS 
.004 

—018. 
JXH. 










.018 
.013 
.016 

.013. 






.003 
.003 
.003 
.003 


-.003 
.006 

-.003 
.006 






1 


14° 
140 
IB? 

16?, 








-.033 
.003 

-.033 
.003. 




—016 
.004 

-..018 
.008 


-.016 
.005 


-.009 
.006 




-.004 
.006 


.019 
.014 
-.019 
.014 


.0094.013 
.009 _ 


.007 
.003 


.001 
.003 
.0004 ..015 
.004 


-.004 
.006 

-.004 
.007 






i 


30° 
30° 
36° 
35° 








-.036 
.005 

-.031 
.006. 




-.033 
.007 

—037 
.009 


-.080 
.009 


—010 
.010 




.033 
.031 


.019 
.016 
.019 
.018 


.0164.008 
.011 


.0144.010 
.0034.007. 


.001 
.006 
.001 
.008 


-.004 
.009 

-.004 
.011 








30° 
30° 
360 
36° 








-.033 
.007 

-1.035 
.003 




-.038 
.010 
-.038 

.01 a 










.019 
.019 
.017 
.031 






.000 
.006 
-.001 
.011 


-.004 
.013 

-.004 
.014 
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Table* 13 I 13 



-5° I -4° 



TABLE XII 

KUSt TESTS. 0 LABI T WHO TAFIRID S ! 1 WITH OOISTAHT 
OBDRD HSDlS£ AILEHOI (OSS AILEBOK OBLl) 

Telocity " SO m.p.h. 

fie 5 " 



R.I. - 609,000 



Taw - ± 30° 



10° 



14° 



17° 



18° 



30" 



30° 



40" 



60° 



60° 



Aileron looked, and neutral 30° yaw 



0.000 
.018 
.006 

-.C32 



0.306 
.019 
.010 

-.001 



.613 
.039 
.014 
.003 



0.903 
.073 
.018 

-.004 



1.090 
.106 
.034 

-.007 



1.156 
.136 
.030 

-.007 



1.183 
.166 
.046 

-.001 



1.197 
.313 
.064 

-.003 



1.804 
.363 
.096 

-.006 



0.930 
.397 
.064 



0.781 
.468 
.063 

-.033 



0.764 
.638 
.060 
.033 



0.700 
.831 
.047 

-.038 



0.676 
.980 
.040 

-.044 



Aileron looked and neutral -30° yaw 



-.006 
.016 

-.008 
.003 



.393 
.019 
.008 
.001 



.601 
.033 
..013 
.003 



.888 
.073 
-.017 
.004 



1.076 
.104 
.036 
.006 



1.164 
.133 

-.031 
.007 



1.171 
.168 

-.061 
.001 



1.187 
.308 
.073 
.000 



1.178 
.371 

-.071 
.006 



.938 
.403 
.039 
.0.11 



.788 
.466 
.060 
.030 



.760 
.646 
..049 
.031 



.700 .683 
.833 .997 
-.047 -.046 
.036 .043 



Right aileron up -30° yaw 



25? 
3^2 
36° 
36° 

50° 
u 0 0 

60° 
60° 



.033 
.001 
.043 
.004 
.083" 
.009 
.067 
.013 



.035 
.003 
.044 
.001 
.087 
.003 
.063 
.006 



.036 
-.005 

.044 
-.003 

.066 
-.001 

.064 

.003 



.033 
-.006 

.043 
-.004 

.054" 
-.003 

.061 

.013 



.031 
-.007 

.041 
-.006 

.054 
-.004 

.061 
-.001 



.031 
-.009 

.048 
..009 

.063 
-.007 

.061 
-.004 



.038 


.OM 




-.013 


-.009 




.038 


-.008 




-.013 


-.037. 




.048 


-.008 




-.011 


-.034 




.058 


.003 




-.007 


-.033 





.003 
.006 
.007 
.007. 
.008 
-.006 
.011 
-.006 



.018 
-.013 

.030 
-.016 

.036 
-.013 

.031 
-.009 



High* 



aileron down 30° yaw 



7" 
7° 

15° 

?"5° 
36° 



-.013 
.001 

-.03! 1 
.003 

-.037" 
.006 



-.008 
.003 

-.016 
.035 

-.034 
.009 



-.009 
.003 

-.017 
.006 

-.010 
.OlS 



.000 
.008 
.008 
.013 
.006' 
.017 



-.004 
.004 

-.007 
.008 

-.009 
.014 



004 
003 
-.009 

.007 
-.011 

.013 



-.005 
.003 

-.009 
.007 

-.013 
.011 



..003 
.003 

-.004 
.010 

-.008 
.010 



.011 4-.004 
.004 

.oob *-.ooe 

.008 A .008 
-.004 
.008 



-.001 
003 
-.003 

.007 
-.003 

.010 



TABLE XIII 

toros tests, olabx t wiso wramj.' .i.E" oMSTAirr 

0HDRD SHORT WIDI AILEROK (OH AILSROW OWLT) 



R.I. ■ 809,000 Telocity - 80 m.p.h. 



Taw - 0° 




6° 



10° 



14° 



160 



17° 



18° 



30° 



25° 



30° 



40° 



30° 



60° 



Aileron looked and neutral 



,340 
,031 



0.PE9 
.046 



1.013 
.084 



1.316 
.133 



1.38B 1.390 



.147 



.183 



1.385 
.198 



1.188 



1.115 
.319 



0.847 
,390 



0.756 
.488 



0.730|0.670 0.655 
.651 .848 1.013 



Right aileron up 



.030 
.001 
.054 
.001 
.040 
-003 
.044 
.004 
.048' 
.006 
.053 
.006 
.060' 
.013 
.068 
.014 



.017 






-.003 






.034 






-.003 






.048 


.040 


.038 


-.003 


-.004 


-.006 


.047 






-.001 






.055 


.051 


.043 


.001 


-.003 


-.004 


.069 






.003 






.069 


.069 


.063 


.005 


.003 


.001 


.073 


.076 


.069 


.009 


.006 


.005 



.080 
.010 



.031 
-.009 



.049 
-.004 
.056 
.000 



-.018 




-.011 




-.013 




-.016 




-.005 


-.003 


-.015 


-.016 


-.006 




-.018 




.001 


006 


-.017 


-.018 


.003 




-.016 




.014 


.003 


-.014 


-.014 


.038 


.006 


-.010 


-.014 



.008" 
.013 



.018 
-.015 



.036 
-.018 

.015 
-.008 



.013 
-.006 
.016 
-.009_ 

.017 
-.010 
.081 
-.018. 

.033 
-.018 
.037 
013. 
084 
010 
034 
.008 



.004 
..005 

.009 
-.009 

.013 
-.013 

.017 
-.015 

.033 
-.016 

.036 
-.017 

.083 
-.OK 

.015 
-.013 



Right Aileron down 



-.011 
.001 
-.013 
.003 




-.007 
.003 

-.009 
.003 


-.006 
.008 


-.005 
.003 




-.003 
.001 


-.001 
.003 

-.004 
.005 


.000 
.004 


.004 
-.003 


.006 t.014 
-.003 4.000 

.013 4.006 
-.001 4+.001 

.013 4 005 
.000 

.013 4.005 

.000 4.003 


-.015 
.003 
-.016 
.003 




-.018 
.004 

-.013 
.004 










-.000 
.005 

-.004 
.006 






-.017 
.003 

-.019 
.003 




-.013 
.004 

-.014 
.005 










-.004 
. u 06 

-.004 
.006 






.013 
.000 
.013 
.000 


-.030 
.003 

-.031 
.003 




-.oiS 

.006 
-.017 
.006 


-.013 
.006 


-.006 
.005 




.014 
.013 


-.003 
.007 

-.004 
.006 


-.003 
.005 


-.004 

.000. 


.013 
.001 
.018 

.001 

.011 
.003 
.011 
.006 

.013 

.008 
.013 
.009 


-.034" 
.005 

-.088 
.007 




-.019 
.008 

-.030 
.009 


-.018 
.009 


.011 
.017 




.015 
.017 


-.003 

.009 
-.005 

.009 
-.003 

.013 
-.001 

.014 


-.004 
.009 


-.003 
.004 


-.030' 
.008 

-.038 
.010 




-.030 
.010 

-.031 
.013 















-.001 
.003 

-.013 
.004 

-.003 
.006 

-.001 
.006 

-.003 
.006 

-.003 

' .006 

-.003 
.007 

-.003 
.007 

-.008 
.009 

-.001 
.011 
.000 
.014 
.001 
.015 
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TAB LI XIV 

KIMS TESTS. CLAEI T Tltd TAPERED 5 : 1 WITH OOISTAHT 
OBlJRD S30M TIDE AIlEROJt (OKI AILSROw OJTLT) 

R.I. « 609,000 Velocity - 80 n.p.h. Tan - * 30° 



« 


-5° 


-40 


-3° 


0° 


5° 


100 


14° 


ieo 


17° 


18° 


30° 


230 


85° 


300 


400 


50° 


60O 










Aileron looked and neutral 30 s yaw 




0° 
0° 


0.000 
.015 






0.303 
.019 


0.805 
.038 


0.888 
.0T1 


1.086 
.107 


1.147 
.135 




1.173 
.169 


1.195 
.310 


1.308 
.359 


0.325 
.397 


0.835 
.470 


0.755 
.638 


0.696 
.818 


0.579 
.987 


Pi' 

V 


00 
0 0 


J.006' 

1.009 

-.003 






.010 
-.001 


.013 
-.003 


.017 
-.004 


.oas 

-.006 


.031 
-.003 




.044 

-.003 


.043 
-.011 


.083 
-.008 


.053 
-.037 


.063 
-.038 


.051 
-.033 


.047 
-.038 


.045 
-.044 



Aileron looked and neutral -30° raw 



°l' 


no 
0° 


-.003 
.018 






:292 
.031 


.691 
.040 


.880 
.073 


1.060 
.105 


1.138 
.130 




1.185 
.169 


1.170 
.308 


1.155 
.367 
-.075 
-.043 


1.028 
.386 


.788 
.463 


.763 
.643 


.703 
.838 


.583 
.992 


00 . 


'-.006 
-.003 






-.008 


-.014 


-.018 


-.036 


-.033 




-.053 


-.090. 


-.045 


-.053 


-.050 


-.048 


-.045 


V 


00 


~ .001 






.COO 


.000 


.003 


.006 


.007 




-.003 


-.007- 


* .008 
. .015 


.012 


.028 


.033 


.037 


.043 






Right -aileron up -30° yaw 


<v 


25° 








.036 




.034 


.031 


.031 




.051 


.030- 


' .023 
-.010 


.000 


.002 


.010 








36° 








.004 




-.001 


-.003 


-.006 




-.007 


-.010. 


*-.015 
-.023 


-.010 


-.009 


-.013 






<V 


35° 








.046 




.049 


.048 


.047 




.044 


.045. 


f .009 
^ .006 


-.010 


.009 


.016 






On' 


360 








.008 




.001 


-.001 


-.004 




-.006 


-.011. 


"-.017 
.-.034 


-.021 


-.012 


-.016 






Ol' 


500 








.059 




.068 


.069 


.066 




.068 


.066. 


* .061 
L .038 


.007 


.030 


.024 






On' 


50° 








.016 




.008 


.004 


.001 




-.001 


-.006' 


-.013 
i-.OSO 


-.018 


-.016 


-.018 






Oi' 


60° 








,065 




.074 


.076 


.075 




.076 


.075. 


.068 
.036 


.015 


.039 


.029 






V 


600 








.019 




.013 


.009 


.005 




.003 


-.003- 


-.011 
-.019 


-.016 


-.013 


-.014 
















Right aileron down 


30° yaw 












°T' 
oi' 


?o. 








-.007 
.001, 




-.007 
.003 


-.008 
.003 


.003 
.004 




-.003 
.004 


-.004 
.004 


-.005 
.003 


-.006 

.003 


.016 
-.006 


-.003 
.004 






16° 
IB 0 








-.016 
.004 




-.015 
.008 


-.008 
.011 


-.005 
.008 




-.0C6 
.008 


-.008 
.007 


-.008 
.007 


-.006 
.006 


—015 
-.002 


-.002 
.007 






oT' 

On' 


35° 
35° 








-.035" 
.007 




-.031 
.010 


-.007 
.016 


-.004 
.013 




-.007 
.013 


-.010 

.013 


-.011 
.013 


-.008 
.011 


.009 
.005 


-.001 
.010 







TABLE XT 

ROTATION TEBIS. OLARX T ¥110 TAPERED 6 i 1 



O x 1. siren tor foroed rotation at - 0.05 $ StS^&En 
R.K. ■ 609,000 Velocity " 80 m.p.h. 







0° 


10° 


14° 


15° 


160 


18° 


19° 


300 


31° 


33° 


340 \ab° 


37° 


80° j 40° 




Ailerons neutral Taw » 0° 


<+) 
Rota- 
tion 
(oloc*- 
wiee) 




-0.023 


-0.016 


0.001 


0.030 


0.037 


0.038 


0.041 


0.014 


3.013 


0.006 




0.004 




0.001 


-0.003 




(-) 
Rota- 
tion 
(oo-in- 
ter- 
olook- 
wiee) 


\ 


-.016 


-.013; 


-.003 


.008 


.031 


.036 


.035 


.036 


.016 


.011 




.013 




.000 


.002 





Ailerons neutral Taw » -20° 



(+) 

Rota- 
tion 
(olock- 
wise) 




-.030 


-.015 


-.014 




t.017 




-.008 


-.010 


-.009 


-.008 


-0.010 




-0.017 


-.037 


-.030 




(-> 
Rota- 
tion 
(ooun- 
ter- 
olook- 
wiss) 




-.011 


-.010 


.001 




.011 




.038 


.034 


.043 


.031 


.030 




.038 


.037 


.034 





TIB LI m 



0RTT18I038 8HHIIO BKAXTO MEUT3 OT 

(laauaad Sight Aileron Dp ml Loft Alloxan Dan) 



w 

V 
a 



K 

&a>j»ot 


Orlterlon 


Plain allaiona 36 per cant 
0 by 40 pax oent b/3 (ee- 
aanad atandaxd alaa). 
Hodion, raotangulax wing. 


Plain allaxona 40 pax oant 
a by 30 pax oant b/2. 
Short wiia, rectangular 
wing. 


tapered obord 
andlua allerona 
6:3 tapered wing 


Tapaxad obord 
abort wide allaxona 
6:S tapered wing 


Stand- 
aid 

25° up 
38° dn 


Dit- 
f«I- 
an- 

tlBl 
10. 1 

38? up 
IS 0 dn 


Dlf- 
1*1- 
en- 
tlal 
to, 8 
SO? up 
7° £ 


only 

BCr 


Btand- 

aP"\jp 
86° dn 


D1I- 
far- 
en- 
tlal 
■0. 1 
36" up 
16° dn 


Dlf- 
fer- 
*n- 
tlal 
■0. 8 

60° lip 
7° dn 


Op- 
oiov 
80* 


Stead, 
axd 

2£ 2 

26° dn 


Di*- 

feX- 
an- 
tlal 
lo. 1 
56° op 
lfi° dn 


Dlf- 
far- 
an- 
tlal 
Bo, 3 
50° up 
7° dn 


°r 


Btaad- 

aff^up 

28° dn 


Dlt- 
fer- 
an- 
tlal 
Ho. 1 
56° up 
18° dn 


Dlf- 
far- 
en- 
tlal 

10. a 

60° up 
7° dn 




Vine axaa or 
kpead 


- 

Or. 




1.3T0 


1.870 


1.870 


1,370 


1.866 


1,868 


1.368 


1.2S8 


1.275 


1.876 


1.876 


1.376 


1.388 


1.283 


1,388 


1.383 


8 pood range 


Max 0 L /Kin Pd 


64-0° 


TO. 4 


79.4 


79.4 


7J.4 


78.6 


78.6 


78.8 


78.6 


80.7 


80.7 


30.7 


80.7 


81.7 


81.7 


81.7 


81.7 


Eato of oil* 


l/d *t aj.-o.ro 




16.9 


IB .8 


16.8 


16.9 


16.8 


164 


16.9 


16,9 


18.7 


16.7 


16.7 


18.7 


1B,7 


16.7 


16.7 


16.7 


Utoxml 

controllability 


aa 


a- 0° 


.304 


.803 


.a* 


.198 


.836 


.334 


.388 


.803 


.318 


.318 


.819 


.308 


.817 


.308 


.338 


,303 


BO 


0L» 10° 


-076 


.074 


.074 


-073 


.078 


.084 


.088 


.078 


.078 


.074 


.078 


.078 


.076 


.078 


.081 


,079 


ED 


a « 80° 


.038 


.081 


.066 


.084 


.046 


.068 


S .07S 


n .074 


.020 


.034 


,067 


.089 


.031 


,088 


.049 


.068 


m 


a- 30° 


.017 


.008 


.008 


.008 


.019 


.086 


.038 


.033 


.039 


.048 


.037 


.018 


.030 


.037 


.054 


.037 


with 
■ldeallp 


Iirin <t a* whloh ■n«- 
too* will nalanoe Oj' due 
to 80° Taw- 


80° 


80° 


81° 


82° 


19° 


30° 


23° 


86° 


19° 


19° 


B0° 


30° 


18° 


19° 


31° 


33° 


Tolas HOMOU 
doa to alI«ron»! 
(+) rarorabla 
(-) anfsvornbla 


On 


ct» 0° 


-.00? 


h -003 

-.003 


„ ,010 
-.008 


.018 


-.007 


*. .O0B 
°-,0O8 


. .018 


,031 


-.006 


k .001 


-.003 


. .018 

*_ s 00i 


-_OQB 


. .003 
m -.Q03 


n _,BQO 


. .018 
*-,GQl 


Ob 


«- 10° 


-.00* 


. .004 
°-.0O2 


. .013 
D -.0Ol 


.018 


-.007 


v • 006 
B -,0OS 


.020 
a-. 002 


.036 


-.003 


.004 

a— .003 


.013 
•—.001 


.017 
•-.001 


-.004 


.006 
•-.003 


.018 
"-.008 


.088 
o-.OOS 


"n 


u. *u- 


-.010 


D -.O07 


.008 
°-.00B 


.013 
■-.003 


-.010 


.001 
°-,008 


.019 
b-.007 


.029 
»-.O03 


-.013 


d-.OIO 


.008 
°-.008 


.008 

D -.ooa 


-.011 


°-.O09 


.out 
°-.ooa 


.081 
°-.00S 


On 


a- J0° 


-.008 


-.008 


b -.007 


. ,003 
b -,004 


-.013 


d -.0O8 


. ■ 0M 
°-,005 


.009 
°-.0O3 


-.008 


„ .001 


„ .008 


4* 

^ .003 

°-.ooa 


-.010 


. - 008 
•-.008 


.003 
"-.006 


. .006 

■■-.ooi 


Lit aril it abil- 
ity 
(8 A -0P) 


a ftz Initial inatabll- 
lty In Tolling 


18° 


18° 


IB 0 


IB 0 


18° 


18° 


18° 


18° 


16° 


16° 


15° 


18° 


16° 


16° 


1S« 


16° 


a fm 
it! 


■ Initial lnataMl- 
at f^-0.06 

Taw- 0° 


17 s 


17° 


17° 


17° 


17° 


17° 


17° 


17° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


Tax - 80° 


11° 


11° 


11° 


U° 


18° 


13° 


12° 


13° 


11° 


11° 


11° 


11° 


U° 


11° 


11° 


11° 




km nnatabl* 0 A 

Taw - 0° 


.048 


, .048 


.048 


.048 


.038 


.081 


.022 


.033 


.048 


.046 


.046 


.046 


.046 


.048 


.046 


.046 


Ta* - *CP 


.083 


.083 


.098 


.093 


.088 


.083 


.086 


.086 


.084 


.084 


.084 


.084 


.084 


.084 


.084 


.084 


Control toxo* 

TMpHltd 


]_ar_ 


<t- 0° 


.017 


.019 


.oaa 


.041 


,030 


.033 


.068 


,079 


.013 


.013 


.030 


.029 


.033 


.033 


.038 


.060 


07 


«- 10° 


.008 


.008 


.008 


.010 


.010 


.007 


.007 


.014 


.004 


.OOf 


.008 


.006 


.007 


.006 


.006 


.009 



footnote* axa glTaa. at and of table. 



TABU IT! (Continued) 



ORIMRIOHS SBOVm RELATIVE MERITS Of AILEHOH8 
(Assumed Right Aileron Up and Left Aileron Down) 











Tapered ohord 
medium ailerons 
6:1 tapered wing 


Tapered ohord 
short wide ailerons 
5:1 tapered wing 


Oonstant ohord 
medium ailerons 
6:1 tapered wing 


Oonstant ohord 
short wide ailerons 
5:1 tapered wing 


Subject 


Oriterlon 




Stand— 
aid 
35° up 
25° dn 


Dif- 
fer- 
on— 
tiol 
Ho. 1 
35° up 
15° dn 


Dif- 
fer- 
on— 
tlal 
Ho, 3 
50° up 
7° dn 


Up- 
only 
60° 


Stand- 
ard 
35° up 
35° dn 


Dif- 
fer- 
on— 
tlal 
Ho. 1 
35° up 
15° dn 


Dlf-' 
rer- 
an— 
tlal 
Ho, 2 
50° up 
7° dn 


Up- 
only 
60° 


Stand- 
ard 
35° up 
35° dn 


Dlf- 
fer- 
en- 
tlal 
Ho. 1 
35° up 
15° dn 


Dif- 
fer- 
on— 
tlal 
Ho. 3 
50° up 
7 dn 


Up- 
only 
60° 


Stand- 
ard 
36° un 
35° dn 


Dif- 
fer- 
flu— 
tial 
Ho. 1 
35° up 
15° dn 


Dif- 
fer- 
en- 
tial 
Ho. 2 
50° up 
7° to 


Un— 

uy— 

only 
60° 


Ting area or 
minimus speed 


Maximum Oj, 




X •aoo 




JL.OOO 




i.000 




i.dUD 






JL.aO 1 


i Hat 


1 SIR 1 ? 


1 Pan 


1 son 


1.290 




Speed range 


Max Ot/Kln On 


6 A - o° 


83.6 


83.6 


83.6 


83.6 


84.6 


84.6 


84.8 


84.6 


86.3 


85.3 


85.3 


85.3 


81.7 


81.7 


81.7 


81.7 


Kaio or oii«d 


L/D at a h -0.n 




14.9 


14.9 


14.9 


14.9 


15.4 


16.4 


15.4 


15.4 


15.6 


15.5 


15.6 


15.5 


16.0 


15.0 


15.0 


15.0 




HO 


a- o° 


.284 


.303 


.397 


.378 


.388 


.300 


• 315 


.388 


.304 


.316 


.318 


.391 


.303 


.303 


.312 


.290 


Lateral 
oontrollablllty 


RO 


a - io° 


.096 


.096 


.099 


.093 


.093 


.096 


.111 


.107 


.096 


.101 


.104 


.100 


.094 


.106 


.110 


.104 


RO 


a - 20° 


.005 


.001 


.016 


.018 


.003 


.013 


.043 


.046 


.001 


r->004 

.L.0QI 


0 


.034 


.011 


.017 


.038 


.030 




RO 


a - 30° 


.033 


.044 


.036 


.018 


.036 


.037 


.014 
.030 


.030 


.037 


jm 


.026 


.030 


.006 


.033 




-.039 
^.037 


.049 


Lateral oontrol 
with 
sldeallp 


Maximum a at which aile- 
rons will balance 0 l < due 
to 20° yaw 


17° 


17° 


19° 


19° 


17° 


18° 


31° 


as 0 


17° 


18° 


19° 


30° 


17° 


19° 


30° 


23° 




On 


a- 0° 


-.003 


0 

°-.003 


.007 
D -.O02 


.010 
*-.001 


°-.004 


w .003 
D -.003 


,010 
s -.003 


.014 
B -.001 


-.004 


. .001 
D -.00Z 


u .009 
D -.003 


.011 
"--.001 


-.004 


.003 
"-.002 


o_ 


.011 
.003 


.014 
a -.O05 


Tawing sonants 
due to ellorone; 


On 


«- 10° 


.003 


.005 


.013 


.016 


0 

— 001 


.007 
a_- .001 


.017 
^-.OOl 


.033 


-.001 


. .006 
°— .001 


.013 


.016 


°-.001 


.008 
a_ , 001 


.017 


.031 


(+) favorable 
(-) unfavorable 


On 


a- 30° 


-.036 


8 -.034 


8 -.033 


°-.0O3 


-.039 


"-.034 


■ Uuo 
B -.034 


■-.006 


-.038 


-.035 


a -,036 


.uux 
"-.006 


°-.036 


8 -.033 


e_ 


-.025 


8 -.019 




On 


a - 30° 


-.007 


°-.005 


°-.004 


8 .001 
-.003 


-.011 


•-.006 


e -.0O7 


.001 
°-.003 


°-.008 


°-.0O6 


°-.00B 


8 .001 
D -.003 


°-.008 


°-.O07 


"-.006 


.005 




ot for initial instabil- 
ity in rolling 


16° 


15° 


15° 


15° 


15° 


15° 


15° 


15° 


15° 


15° 


15° 


15° 


16° 


15° 


15° 


16° 


Lateral stabil- 


<t for initial Instabil- 
ity at - 0.06 
Taw - 0° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 




Taw - 30° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 


14° 






Taw - 0° 


.040 


•G-W 


.040 


.040 


.040 


.040 


.040 


.040 


.040 


.040 


.040 


.040 


.040 


.040 


.040 


.040 






Taw - 30° 


.043 


.043 


.043 


.043 


.043 


.043 


.043 


.043 


.043 


.043 


.043 


.043 


.042 


.043 


.042 


.043 


Oontrol foroe 
required 


or 


oc- 0° 


.008 


.009 


' .0:3 


.030 


.015 


.016 


.035 


.039 


.007 


* .007 


.013 


.018 


.013 


.014 


.023 


.035 


or 


a - 10° 


.003 


.003 


.003 


— : 

.004 


.004 


.003 


.003 


,006 


.003 


.003 


.003 


.004 


.004 


.003 


.003 


.005 



a to f , Where the ma-ifi"!! yawing moment ooourred below maximum deflection, the letters indicate the defleotlon of the up aileron as follows: *■ 10 , 
b » 1B °, o _ jo 0 , • ■ 35°, 8 - 30°, 1 - 36°: 
g, RO has a minimum Talus of 0.OS6 at a - 17° and a mud mum of 0.079 at a - 33°. h, RO - 0.064 at tt - 17° and 0.094 at a - 33°. 
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Figure 1. -Clark Y wing witn 5:3 taper 
and plain ailerons. 




Figure 2. Clark Y wing with 5:1 taper and plain ailerons. 
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Figure 3. -Aileron linkage systems-assumed maximum, deflections. 



